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. Abstract 

^ ' Context. Since the Fine Guiding Sensor (FGS) on the Hubble Space Telescope (HST) was used to measure the distance to SS Cyg 

I to be 166 ± 12 pc, it became apparent that at this distance the disc instability model fails to explain the absolute magnitude during 

outburst. It remained, however, an open question whether the model or the distance have to be revised. Recent observations led to a 
revision of the system parameters of SS Cyg and seem to be consistent with a distance of d> 140 pc 
' Aims. We re-discuss the problem taking into account the new binary and stellar parameters measured for SS Cyg. We confront not 

I only the observations with the predictions of the disc instability model but also compare SS Cyg with other dwarf novae and nova-like 

systems. 

I ■ Methods. We assume the disc during outburst to be in a quasi stationary state and use the black-body approximation to estimate the 

O ' accretion rate during outburst as a function of distance. Using published analysis of the long term light curve we determine the mean 

Y'{ I mass transfer rate of SS Cyg as a function of distance and compare the result with mass transfer rates derived for other dwarf novae 

C/3 , and nova-like systems. 

Results. At a distance of d > 140 pc, both the accretion rate during outburst as well as the mean mass transfer rate of SSCyg 
' contradict the disc instability model. More important, at such distances we find the mean mass transfer rate of SS Cyg to be higher or 

_ 1 ' comparable to those derived for nova-like systems. 

, Conclusions. Our findings show that a distance to SS Cyg > 140 pc contradicts the main concepts developed for accretion discs in 

. cataclysmic variables during the last 30 years. Either our current picture of disc accretion in these systems must be revised or the 

' distance to SS Cyg is ~ 100 pc. 

OO ' Key words, accretion, accretion discs - instabilities - stars: individual: SS Cyg - stars: novae, cataclysmic variables - stars: binaries: 

CO ' close 

'■ 

I — 1. Introduction explained (e.g. ISchreiber et al]|2003h . However, the main chal- 

■ lenge comes from the distance to this system obtained from the 
^ ■ u"^""^ ^ , "i^g^f ^^'l cataclysmic variables hST/FGS parallax (Harrison et al. 1999). According to the DIM, 

. (CVs) showing quasi-regular outbursts i.e., increased visual ^^^^ ^ ^.^^^^^^ ^^^^ ^ J2 pc) the accretion disc of SS Cyg 

k>( brightness of 2-5 mag for several days, which typically reappear ^^^j^ j^^^ ^^^^j^ system would not be a dwarf 

. on timescales of weeks to months (e.g. | Warneii | l995i for a re- ^^^^ Therefore such a distance, if corre ct, would seriously put 

C3 _ view). doubt the validity of the DIM. Indeed. [Schreib er & G ansickd 

The standard disc instability model (DIM) assumes a con- ,2002J concluded that either the DIM has to be modified and 

stant mass-transfer rate through the whole outburst cycle and is ^^^^ ^ enhanced mass transfer during outbursts plays an im- 

successful in explaining the basic properties of dwarf nova out- ^^^^^^ ^^j^^ ^j^^ ^-^^^^^^ ^ j2pc is wrong. Comparing 

bursts. In general the rise to maximum and the decay of normal detailed DIM simulations with the observations of SS Cyg, 

outbursts IS well described by the standard version of the model. |Schreiber et alJ dlOOSi) assumed d = lOOpc doubting the cor- 

There are problems with quiescence. Superoutbursts, ZCam- rectness of higher values 

type outbursts, and the reproduction of the outbur st cycle in gen- , -.. 

eral require DIM modifications (see lLmlllOOll for a review). Recently dBitner et alJ | 2007D observationally re-determined 

On the other hand the DIM is too simple to be a faithful rep- *e parameters of SS Cyg and obtained values for the masses of 

resentation of dwarf nova outbursts. It uses a 1 + 1D scheme and *e stellar components and the orbital inclmation that differ sig- 

is based on the a-parameter description of viscosity. Although mAcantly from those derived earlier. The new results are more 

the news of the death of such an approach dPessah et ai:il2006l) ""^I'^bl^ *an earlier measurements because they do not rely on 

are exaggerated, its serious limitation have been well known for error-prone methods such as those based on the wings of emis- 

a long time ^^^'^ lines to determine the mass ratio or those using a main se- 

It is therefore not surprising that the brightest and best ob- Que nce mass/radiu s relation to derive the orbital inchnation (see 

served dwarf nova SS Cyg has been a source problems for the Bitn er et al. || 20()7i for a detailed discussion) . Very impo rtonyn 

DIM. Its various types of outbursts seem to require modulations *^ '^""^^'^t of the DIM is the conclusion of | Bitner et alj (l2007|) 



of the mass-transfer rate and the anomalous outbursts remain un- 



that their results are consistent with a distance of d ~ 140 - 170 
pc in line with the parallax measurement. This forced us to re- 
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The struc ture of the paper is as follows . In Sect. |2] applying 
the method of lSchreiber & Gansicke ('2002') but using the revised 
system parameters of feitner et al. (2007) we compare the pre- 
dicted absolute magnitude and the accretion rate during normal 
outbursts with the value derived from observations. Thereafter 
we determine the mean mass-transfer rate from the observed 
outburst properties (Sect|3ll and again compare it with the pre- 
dictions of the DIM. The conclusion of these two investigations 
is that a distance of 166 + 12pc is incompatible with the DIM. 
In Sect. |4]we compare the mean mass-transfer rates of SS Cyg 
and other dwarf novae with HST/FGS-parallax measurements 
with those of several nova-like binaries. We show that at the 
HST/FGS parallax distance SS Cyg is brighter than some nova- 
like systems and conclude that being an outbursting system at 
such high luminosity SS Cyg must be a very special CV indeed. 
In the following (Sect.|5]l we re-consider the possibility that in 
SS Cyg the mass-transfer rate increases during outbursts as this 
would lower the mean mass-transfer rate. 

2. Accretion rate during outburst 

One of the key-predictions of the DIM is that at the onset of the 
decline, i.e. when the cooling front forms at the outer edge of the 
disc, the disc is in a quasi-stationary outburst state and the mass 
accretion rate is close to the critical mass transfer rate given by 



M„i, = 9.5x 10'5gs-'7^2Q'^^M„°■^^ 



(1) 



where M^d is the white-dwarf's ma ss is solar units and R iq the 
disc radius in units of 10 cm (e.g.l HameurvetalJll998l) . The 
light curves of normal outbursts of SS Cyg show a plateau phase 
with nearly constant brightness before the onset of the decline. 
Therefore, according to the DIM, the accretion rate during out- 
burst should be similar to the critical accretion rate. Assuming 
the outer radius of the disc to be close to the tidal truncation 
radius /?out - 0.9 R] with Ri being the primary's Roche-lobe ra- 
dius, we derive for the new parameters of SS Cyg (see Table 1) 



9.0-9.1 X lO'^g/s. 



(2) 



Clearly, we can derive the predicted absolu te visual magnitude of 
a disc with this accretion rate. We follow iSchreiber & Gansickg 
(I2OO2I) . i.e. we use the same equation to account for the incli- 
nation, assume the effective temperature to follow the radial de- 
pendence of stationary accretion discs and the annuli of the disc 
to radiate like black bodies. For the mass accretion rate given in 
Eq. (2) we than obtain My = 3.76 - 4.37 as the predicted ab- 
solute magnitude during outburst. On the other hand, using the 
observed visual magnitude, i.e. my = 8.6 + 0.1, we can deter- 
mine the absolute magnitude as a function of distance. Figure[T] 
compares both values. The shaded region represents the absolute 
magnitude predicted by the DIM for the range of system param- 
eters for SSCyg recently derived by Bitneretal. (2007) sum- 
marized in Table 1. Also shown in Fig. [1] (solid horizontal line) 
is the predicted absolute magnitude when usin g the same sys- 
te m parameter aslSchreiber & Gansickg ( |2()02|), i.e. those give n 
bv lRitter & KoibI (Il998f) which are based on lFriend etal] (Il990h . 
Apparently, the range of predicted absolute magnitudes signifi- 
cantly decreased due to the change of the system parameters. As 
a consequence of the revised inclination and mass of the white 
dwarf (see Table 1), agreement with the DIM now requires dis- 
tances as short as lOOpc. 

To see how the discrepancy in the absolute magnitudes for a 
distance of 166 + 12pc correlates with accretion rates, we also 
compare the value of the critical accretion rate (Eq. (2)) with the 




Figure 1. The absolute magnitude at the onset of the decline 
derived from the observed magnitude of m,, = 8.6 + 0.1 as a 
function of distance and the absolute magnitude p redicted by 
the DI M a ccording to system p arameters derived bv lBitner et al.l 
(120071) and lFriendet 111(119901) (see Table 1). 

Table 1. Binary parameters of SS Cyg used by 
Schreiber & Gansicke (2002) (based on dFriend et al.l 119901) 
and (Ritter & Kolb 1998)) and the new values recently derived 
by Bitner et al. (2007) (right column). Also given is the derived 
outer radius of the disc (~ 0.9/?i) in units of 10'" cm. Please 
note that the stellar masses (and therefore also Riq) can not 
be chosen independently from within their ranges as they are 
strongly constrained by the mass ratio. 





Ritter & Kolb (1998) 


Bitner et al. (2007) 




6.6 


6.6 




1.19 ±0.05 


0.81 ±0.19 


q = M^JM„i 


0.70 


0.683 ± 0.012 


H" 


37 


45-56 


Rio 


5.73 


4.7-5.5 



accretion rate required to reproduce the absolute magnitude as- 
suming SS Cyg is at c/ = 166 + 12pc. We find that an accretion 
rate of 



Mout ~ 8.8- 9.2 X 10"*g/s 



(3) 



is required. This is an order of magnitude above the value pre- 
dicted by the DIM (Eq. (2)). The value given above is also es- 
sentially higher (by a factor of ~ 2.5) than the one derived by 
ISchreiber & Gansickd (|2002|) . The h igher mass accretion rate is 
required because Bitner et all (1200 7') found a higher value for the 
inclination and a lower value for the mass of the white dwarf. 



3. The mean mass transfer rate 

SS Cyg is among the visually brightest dwarf nova and a detailed 
long-term light curve exists. The mean outburst p roperties have 
been derived by ICannizzo &Matteil (119921119981) who analysed 
the AAVSO long term light curve. They find a mean outburst 
duration of font = 10.76 days, a mean cycle duration of fcyc = 
49.47 d giving a mean quiescence time of fqui = 38.71 d. The 
mean duration of rise to outburst and decline from outburst are 
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tris = 0.5 d and fdec - 2.5 d respectively. Using these values we 
can now derive a value for the mean mass transfer rate from 
the observed visual magnitude during outburst. As in Sect. |2] we 
will compare the value derived from the observations with the 
prediction of the DIM. 

According to the DIM, the mean mass-transfer rate can be 
obtained from the relation 



eMur 



qui 



Ml, - Mir 



(4) 



where the fraction of the disc's mass lost during outburst is 
e = AMo/MD.max and Mi„ is the accretion rate at the disc's inner 
edge. Usually M^- » Min and e ~ 0.1. Taking 



M, 



D,max 



2.7xl02ia-0-«3^„0.38^3^i4g^ 



(5) 



(see Lasota 2001), a - 0.02, and the system parameters derived 

(6) 



by Bitner et al. (2007) we obtain 
Mtr = 2.6- 4.2 X lO'^g/s. 



The above value should be compared with the mean mass 
transfer rate derived from t he observed visual brightne ss dur- 
ing outburst. Following again lSchreiber & Gans icke ("2002, their 
Ec[j(5)) but using the system parameters obtained by Bitner et al. 
( 120071) . we derive a mean mass transfer rate as function of dis- 
tance. For d = 166 pc we obtain 

Ml, = 1.1-3.8 X 10"*g/s. (7) 

The two values for the mean transfer rate, i.e. the one pre- 
dicted by the DIM and the one derived from the observations are 
compared in Fig.|2] The grey shaded region represents the values 
required by my = 8.6+0.1 as a function of distance. The range of 
mean mass transfer rates predicted by the DIM (Eq. (|6]l) and the 
critical mass transfer rate (Eq. (2)) are shown as horizontal lines. 
Again, the discrepancy between DIM and HST/FGS parallax is 
obvious : According to the DIM, at 166 + 12 pcSSCyg should be 
nova-like system and not a dwarf nova. Even for d ~ 140 pc, the 
derived mean mass transfer rates are close to the critical value 
and one would at least expect Z Cam-like behaviour. Again, 
agreement with the DIM requires a distance of d ~ 100 pc. 

Although the recently determined parameters significantly 
increase the discrepancy between HST/FGS parallax and DIM 
pre diction, the problem ha s bee n mentioned and discussed ear- 
lier. |SchreibeL&^insicke (2002) proposed as one possible so- 
lution a revision of the DIM by assuming an increased value of 
the critical mass transfer rate which would be equivalent to al- 
lowing for dwarf nova outbursts for higher mass transfer rates. 
However, as we will see in the next section the problem is not 
with the DIM. At 166 ± 12pc the mean mass-transfer rate of 
SS Cyg is comparable or higher than that of nova-like binaries 
with similar orbital parameters but unlike SS Cyg these systems 
never show outbursts. If anything they show a so-called "anti- 
dwarf-nova" behaviour. 



4. Comparing SSCyg with nova-like CVs 

There is an overwhelming evidence that the accretion disc is the 
site of dwarf-nova outbursts. The general picture of disc accre- 
tion in CVs is that below a certain mass transfer rate the disc is 
unstable and dwarf nova outbursts occur. For higher mass trans- 
fer rates, the disc is stable and the corresponding class of CVs 
are nova-like systems. In agreement with this picture, the mean 
absolute magnitudes of dwarf novae have been found to be lower 




Figure 2. The mean mass transfer rate of SS Cyg derived from 
the observed visual magnitude as a function of distance (shaded 
region) compared with the predictions of the DIM (horizontal 
lines). All value s are calculated for the range of system param- 
eters derived by iBitner et alj ( l2007h . Agreement between DIM 
and observed visual magnitude requires a distance ofd~ 100 pc. 
At a distance of 166pc the mean mass transfer derived from the 
observations is above the critical transfer rate and - according to 
the DIM - SS Cyg should be a nova-Uke. 




3x10'° 



Figures. The mean mass transfer rate of SSCyg, three other 
dwarf novae with HST/FGS distance, and six well known nova- 
like CVs as a function of the outer radius of the disc during out- 
burst. As binary parameters of SS Cyg we used aga in the val- 
ues (and uncertainties) derived bv IBitner et alj (12007) . The pa- 
rameters and distances used for the nova-likes are compiled and 
discussed in Table 1 . Both, in order to make the plot easier to 
read as well as because the broad ranges of possible parame- 
ters do not represent well-determined values with certain errors, 
we use shaded boxes instead of eiTor bars. The solid line repre- 
sents the critical mass transfer rate according to Eq. (1) assum- 
ing Mwd = IMq. According to the DIM, this line should separate 
dwarf novae and nova-like systems. Interestingly, to reach agree- 
ment with this prediction for SS Cyg at d = 166 pc, the size of 
the disc needs to be similar to the one in RUPeg(~7xlO'"cm). 
Even for the maximum mass of the white dwarf (M^d - 1 AMq) 
this would require a disc larger than the Roche-lobe radius of the 
primary (6.8 x 10'°cm). 
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Table 2. Binary parameters, distances, visual magnitudes, and extinctions of 6 nova-like systems. 



name 


Mwd 


Msec 




d 


i 




Av 


ref. 


RWTri 


0.4-0.7 


0.3-0.4 


5.565 


310-370 


67-80 


13.2 


0.3-0.7 


1,2,3,4,5 


UUAqr 


0.6-0.9 


0.2-0.4 


3.92 


250-350 


76-80 


13.6 


0-0.2 


5,6 


LXSer 


0.37-0.43 


0.3-0.4 


3.80 


300-400 


77-83 


14.4 


0-0.2 


4,5 


RWSex 


0.8-1.3 


0.55-0.65 


5.88 


150-250 


30-40 


10.8 


0-0.2 


5,7 


UXUMa 


0.4-0.5 


0.4-0.5 


4.72 


200-300 


69-73 


12.8 


0-0.2 


4,5 


V363 Aur 


0.8-1.0 


0.8-1.0 


7.71 


600-1000 


68-72 


14.2 


0.3-0.5 


4, 8 



For some systems the values given in the literature differ significantly. To keep our results as independent as possible of uncertainties related to 
the system parameters of nova-likes, we always used a broad r ange of parameter s. The val ues of Ay have bee n taken from Bruch & Engell (Il994h 
and co mpa red with Warner ( 1987) who quotes iBruchI ( 119841). References: (l)lMcArthu r et al. ( 1999), (2) iPoole etal] j2003l), (3) iGroot et all 
j2004l), (4 )lRuttenet al. ( 1992, and references therein). TsT lVande Putte et all ( |2003|) (6) iBaptista et al.i a994h . (7) lBeuermann et all j 19921) . (8) 
iThorough eood et al. ( 2004) 



Table 3. Binary and light curve parameters of the fou r dwarf novae with HST/FGS parallax. The time the disc is in the quasi- 
stationary state during outburst fqs is approximated as in lSchreiber & Gansickd (|2002|) . 



name 




Msec 


orb 


d 


i 


ifiviout) 


Av 




ref. 


SSCyg 


0.6-1.0 


0.4-0.7 


6.6 


166+12 


45-56 


8.5 


0-0.2 


5.8/49.5 


1,2, 3,4 


UGem 


1.0-1.3 


0.45-0.5 


4.25 


90-100 


67-71 


9.3-9.6 


0-0.1 


5/118 


4, 5,6 


SSAur 


0.6-1.4 


0.38-0.42 


4.39 


175-225 


32-47 


10.7-10.9 


0.1-0.3 


5/53 


4, 5 


RUPeg 


1.1-1.4 


0.9-1.0 


8.99 


261-303 


34-48 


9.0-9.1 


0-0.1 


6/75 


4, 7 



Again, we used a rather broad range of parameters in order to avoid our concl usions depending on uncertain parameters. For completeness we 
added again the parameters ranges for S SCyg according tol Bitner et all J2007i). Plea se note that for SSCyg M „,) an d M^ec are constraine d by 
q = 0.683 ± 0.012. Ref ere nces: (DiBitne r et al. (2007), (2) H arrison et alj ( I1999I) . (^3) ICannizzo & Matteil ( Il992h . (4) lHarrison et all ( 120041) , (5) 
ISzkodv & Matteil ( 119841) (^6) lNavlor et alj ( 12005,) (7) ,Ak et al.. ( 120021) 



than those of nova like systems (see I Warnerll 1 995L Fig. 9.8). To 
check whether this agreement remains for a distance to SS Cyg 
of 166 + 12 pc, we compare the mean mass transfer rate de- 
rived for SS Cyg with those obtained for a set of well observed 
nova-like systems and three additional dwarf nova with mea- 
sured HST^GS parallax (see Table|2]and|3]). 

Figure|3] (inspired by Fig 1 in lSmakiri983h shows the derived 
mean mass transfer rates as a function of the outer radius of the 
disc during outburst. To avoid our results depending on uncer- 
tainties in the system parameters derived from observation we 
used rather broad ranges of parameters. The straight line repre- 
sents the critical mass transfer rate for /Wwd = IMq. Obviously, 
at a distance of 166 pc the mean mass transfer rate of SS Cyg is 
claerly above this limit as discussed earlier (Fig. 2). The other 
three dwarf novae are below the dividing line and the nova-likes 
have mass transfer rates higher than (or similar to) the critical 
rate. The striking point of Fig.|3]is the fact that the mean mass 
transfer rate of SS Cyg is larger (or as large) as those derived 
for nova-like systems with similar system parameters. In other 
words, if SS Cyg is indeed d > 140 pc away, the difference be- 
tween nova-like systems and the dwarf nova SS Cyg cannot be in 
the mean mass transfer rate. This conclusions represents a very 
important finding because it contradicts the generally accepted 
picture for accretion discs in CVs. 

Clearly, one could argue that the distances to the nova-like 
systems might be systematically too small. However, the dis- 
tance to RWTri is based on a HST/FGS parallax and for the 
other systems we used very large upper limits for the distance. 
Hence, there is no easy way out of the problem. In the next sec- 
tion we will discuss a substantial revision of the DIM that might 
provide a solution. 



5. Enhanced mass-transfer rate 

I SmakI (I2OOOI) . iLasotal (l200lb . and ISmakI (l2005b showed that 
enhanced mass transfer during outburst is required to explain 
the light curve of U Gem, especially the extremely long super- 
outburst in 1985. Moreover, modulations of the mass-transfer 
rate are necessary to explain outburst properties of SS Cyg it- 
self (Schreiber et al- 2003) and it seems that there is grow- 
ing evidence for enhanced mass transfer playing an important 
role in short o rbital period dwarf n ovae of the SUUM a type 
dSchreiber et a l. 2004; Smak 2004a, 2 ()05HSterken et al.l l2007). 

The mean mass-transfer rate is not an observed quantity but 
is calculated assuming constant mass-transfer rate over the cycle, 
hence, in case the mass transfer rate is significantly enhanced 
during outburst, our values are only upper limits. In addition, in 
the framework of the enhanced mass transfer scenario, the ac- 
cretion rate during outburst and at the onset of the decline does 
not need to be the critical mass-accretion rate. Therefore, if ev- 
idence for a distance above d = 140 pc further grows, the en- 
hanced mass transfer scenario might be considered a possible 
solution. The enhancement needed to put SS Cyg in the ob- 
served dwarf nova band is quite substantial. Assuming a mean 
mass transfer rate of Mtr - 1.5 x lO'^g/s during quiescence, 
Schreiber & Gansicke (2002) estimated the required mass trans- 
fer enhancement to be by about a factor of > 15. 

Taking into account the revisions of the system parameters 
according to Bitner et al. (2007), the required mass transfer en- 
hancement reaches a factor of > 55 for d - 166pc. Even at a 
distance ofd- 140 pc a factor of ~ 35 is required. Compared to 
mass transfe r enhancements predicted for U Ge m (factor 20-50 , 
ISrn^ ( l2005h ) or SU UMa superoutbursts (15-60. ISin^(l2004al) ) 
this seems to be plausibl e but one should keep in mind the model 
calculations by Smak ( 2004bl) which seem to exclude irradiation 
induced enhancement for f orb ^ 6 h. However, if a distance to 
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SS Cyg of 140 - 170pc will be further confirmed in the future, 
considering enhanced mass transfer even in (some) long orbital 
period dwarf novae appears to be the most plausible mechanism 
to explain the observations. 

6. Conclusions 

The long term light curve of SS Cyg has been frequently used 
to constrain the disc instability model, in particular the viscos- 
ity parameter a. Now, it seems that we can learn something very 
different but equally essential about accretion discs in C Vs from 
analysing this particular system. SS Cyg is a dwarf nova and 
not a nova-like. It seems that the distance to SS Cyg is above 
140 pc. If this will be further confirmed, then there is something 
we do not understand in this binary. The standard interpretation 
of mean mass transfer rates that are constant over the outburst 
cycle cannot be true and a difference in the mean mass trans- 
fer rate cannot be the only difference between nova-likes and (at 
least one) dwarf nova. This might mean that the standard DIM is 
in fact not adequate and has to be modified by including mass- 
transfer modulations. This is riot a su r prise to these authors (e.g . 
Schreiber et al. 2000; .Lasotal 120011; iBuat-Menard et all 120011; 
Schreiber et al.ll2004l) . 
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